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缩写 英文 中文 
Amp Ampicillin 氨苄青霉素 
BLAST Basic local alignment search tool 基本局域联配搜寻工具 
bp Base pair 碱基对 
BSA Bovine serum albumen 牛血清蛋白 
CD14 Cluster of differentiation 14 白细胞分化抗原 14 
cDNA Complementary Deoxyribonucleic acid 互补脱氧核糖核酸 
DEPC Diethylpyrocarbonate 焦碳酸二乙脂 
DTT Dithiothreitol 二硫苏糖醇 
dNTP Deocyrinediamine triphoshate 脱氧核糖核苷三磷酸 
DNA Deoxyribonucleic acid 脱氧核糖核酸 
EDTA Ethylene diamine teraacetic acid 乙二胺四乙酸 
EST Expressed sequence tag 表达序列标签 
ERP Ecdysteroid-regulated protein 蜕化类固醇调控蛋白 
GM2A GM2 activator protein GM2激动蛋白 
Ig Immunoglobulin 免疫球蛋白 
Kana Kanmycin 卡那霉素 
kDa Kilodalton 千道尔顿 
LB Luria-Bertani medium LB 培养基 
LPS Lipopolysachcaride 细菌脂多糖 
LTA lipoteichoic acid 脂磷壁酸 
MEGA Molecular evolutionary genetics analysis 分子进化分析软件包 
MD-2 myeloid differentiation factor-2 髓样分化蛋白-2 
mRNA Messenger ribonucleic acid 信使 RNA 
NCBI National center for biotechnology information 美国国家生物信息中心 
NPC2 Niemann-Pick type C2 protein 尼曼匹克蛋白 2 
ORF Open reading frame 开放阅读框 
PAGE Polyacrylanide gel electrophoresis 聚丙烯酰胺凝胶电泳 
PBS Phosphate buffer saline 磷酸盐缓冲液 
RACE Rapid amplification of cDNA ends 快速扩增 cDNA 末端 
PCR Polymerase chain reaction 聚合酶链式反应 
RT Reverse transcription 反转录 
SDS Sodium dodecyl sulfate 十二烷基硫酸钠 
SDS-PAGE SDS-polyacrylanide gel electrophoresis SDS-聚丙烯酰胺凝胶电泳 
TBE Tris-boric acid-EDTA Buffer Tris-硼酸-EDTA 缓冲液 
TLR-4 Toll like receptor-4 Toll样受体 4 
Tm Melting temperature 退火温度 
UTR Untranslated region 非翻译区 






















ML(MD-2-related Lipid-recognition)家族为一类具有保守 ML 单结构域的蛋
白质，能够直接和脂类结合，从而参与先天免疫和脂类的识别与代谢过程。本研
究采用 RT-PCR 和 RACE 技术克隆了日本囊对虾形态变异类型 I 的 ML 基因
——MjML。该基因的 cDNA全长 614 bp，开放阅读框长 453 bp，编码 150个氨
基酸，理论等电点为 4.55，相对分子质量为 15865.23 Da。通过基因组 PCR 扩增
得到 1678 bp的MjML的基因组序列，其中含有 4个外显子与 3个内含子。MjML
具有 6个在 ML蛋白中相对保守的半胱氨酸残基，可能形成 3对二硫键。同源性
比对发现，MjML 的氨基酸序列与凡纳滨对虾的 LvML 一致性最高(84.0%)。实




为了进一步研究 MjML 基因的相关功能，本研究根据已获得的 MjML 的
cDNA序列构建重组 pET-28a-MjML质粒进行原核表达，并通过Western Blot 确
定为带 6×His 标签的重组 MjML 蛋白。MjML 蛋白最佳诱导条件为：IPTG 浓度
0.1 mmol/L，30 °C 220 rpm，诱导培养 6 h，且重组蛋白主要以不可溶的包涵体
形式存在。收集包涵体，经过尿素溶解变性、梯度透析法复性、过 Ni 柱纯化和
脱盐后，得到浓度为 1.02 mg/mL的可溶性重组蛋白。LPS(lipopolysaccharide, 细
菌脂多糖)结合实验显示重组蛋白对 LPS 有明显的结合活性。 
本论文实验研究表明，日本囊对虾早期幼体发育过程中 MjML 的表达量变
化与肝胰腺的发育程度有一定的相关性，同时与早期幼体发育过程中的变态以及





























































Kuruma shrimp (Marsupenaeus japonicas) is one of the four shrimp species that 
have been widely cultured in China, having significantly economic values. M. 
japonicus has a complex larval development process. There are six nauplius, three 
protozoea, and three mysis larval stages, followed by the development of post-larvae 
to adult. During the larval development, larval shrimps molt frequently and the 
molting period is short. With the breeding scale of M. japonicus expanded quickly 
recent years in China, its development has been seriously affected by the outbreak of 
bacterial diseases, causing greatly economic losses. 
ML superfamily proteins have a single ML domain, which can bind to specific 
lipids and play important roles in innate immunity, lipid-recognition and metabolism. 
In our study, we identified the cDNA and gene of the ML protein from M. japonicus 
by using RACE and RT-PCR and named it MjML. The full length cDNA of MjML is 
614 bp, with a 453 bp open reading frame that encoded 150 amino acid resides. The 
MjML gene is 1678 bp in length, and consists of four exons and three introns. The 
putative MjML protein contains 6 cysteines which may form 3 disulfide bonds. MjML 
is most similar to LvML of Litopenaeus vannamei (84.0%). Real-time quantitative 
PCR results showed that MjML mRNA was expressed highest in the hepatopancreas, 
and the expression levels in heart, hemocyte, muscle, stomach, gill, nerve cord, gut 
and eyestalk were very low. During the early larval development of M. japonicus, 
especially after the metamorphosis, the expression would have a sharply risen. In the 
post-larvae stage, it increased step by step.  
A recombinant protein was successfully expressed by using the prokaryotic 
expression system. And the Western blot analysis showed that the recombinant protein 
is the fusion protein of MjML. After optimizing the expression condition, the 
expressed proteins as inclusion bodies were solubilized, denaturation and refolding in 
proper buffer to harvest the active soluble protein proteins. The protein concentration 
















showed that the recombinant MjML could specially binds LPS.  
The results indicate there may be a correlation between the expression of MjML 
mRNA and the molting and metamorphosis in shrimp larval development during the 
early larval development. And the binding ability to LPS suggests that MjML may 
play roles in the shrimp innate immune in M. japonicus against Gram-negative 
bacterial infection. 
 
Key Words: Marsupenaeus japonicas; MD-2-related lipid-recognition superfamily; 






















































均可完成正常生活，其中 25-30 °C 为其最适生存温度，在 8-10 °C 时停止摄食，






































头胸部侧面斜纹延伸至头部腹面的形态变异类型 I (variety I)和头胸部侧面斜纹
延伸至头胸部中部的形态变异类型 II(variety II)。最早是 Tzeng等[7, 8]发现东海和
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